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(57) The present invention concerns a novel photo- 
catalytic composition, a photocatalyttc element and a 
novel method for the photocatalytic treatment of efflu- 
ents, comprising a gaseous or aqueous solution of the 
organic compounds to be destroyed. 



This novel photocatalytic composition consists of 
an inorganic gel comprising a photocatalysl and an alu- 
minosilicate inorganic polymer binder of the Imogolite 
type. 

This composition destroys organic compounds effi- 
caciously. 
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Description 

The present invention concerns a novel photocatalytic composition, a photocatalylic element and a novel method 
for the photocatalytic treatment of effluents comprising organic pollutants in a gaseous or aqueous solution. 
5 It has been known for some years that metallic oxides can be used to destroy, by means of photocatalytic oxidation, 

organic chemical compounds contained in aqueous or gaseous solutions. These methods of photocatalytk: treatment 
are of great interest for the treatment of effluents, for example urban effluents (treatment of surface water or waste 
water), industrial effluents, etc. containing organic pollutants. 

These treatment methods use heterogeneous photocatalytic systems in which pollutant organic compounds in an 
10 aqueous or gaseous solution are oxidised by radiation in the presence of a solid catalyst, generally a metallic oxide. 
The metallic oxide most frequently used as a photocatalyst is titanium dioxide anatase. 

The article Chem. Rev. 1 995, 95. 735-758 describes the principle and the reaction mechanism of the photocatalyst 
on a surface of titanium dioxide, for the treatment of the gas or of the liquid solution containing organic pollutants. The 
dioxide used in these experiments can be in various forms, for example in the form of a colloid, a powder or monoc- 
'5 rystals. 

US patent 5 275 741 describes a method for the photocatalytic treatment of pollutants in aqueous solution which 
consists of treating the mixture with radiation below 400 nm, In the presence of microspheres of TiOj. 

The use of carbon powder covered with titanium oxide Is also known. This system improves the photodegradation 
of organic pollutants; however, this system has drawbacks owing to the absorption of light by the cart)on, which leads 
20 to the formation of reactive centres on its surface and consequently the formation of irreversible bonds with some of 
the organic pollutants. 

The article Chem. Mater. 1 995, 446-453 describes a new category of photocatalysts which can be used to decon- 
taminate liquids containing organic pollutants. In this artk:le, photocatalysis is effected with a homogeneous dispersion 
of nanocrystals of TO2 in a organic modified Si02 matrix. The homogeneous system was prepared by means of a sol- 
2S gel process. According to this article such a system offers highly effective destruction of organic compounds in aqueous 
solution. It also enables systems to be produced in the form of blocks, membranes or layers. 

However, the length of life of these systems is limited as the organic modified silicate matrix is itself sensitive to 
photo-oxidaUon and will end up being destroyed by the photocatalytic activity of the titanium dioxide in the presence 
of light. 

30 This is why it is desirable to have available a photocatalytic compound capable of destroying, by photooxidation, 

organic compounds in aqueous solution and which resolves the problems mentioned with reference to the state of the 
art described above. 

One of the objects of the invention is to provide a reusable photocatalytic composition having a length of life greater 
than that of the prior art. 

3S A second object of the invention is to provide, from this composition, photocatalytic elements of different configu- 

raltons. for example in the form of powders, flat elements, monoliths or fibers. 

Another object of the Invention is to provide a method for the photocatalytic treatment of effluents containing organic 
compounds to be destroyed in aqueous or gaseous solution, which is simple to implement and costs as little as possible. 
According to the present invention the problems mentioned above have been solved with a photocatalytic com- 
40 position comprising at least one inorganic photocatalyst in an aluminosilicate inorganic polymer binder of the Imogolite 
type. 

The photocatalytic composition of the present invention is totally inorganic and is thus particularly resistant to 
photo-oxidation. 

The present invention also concerns a photocatalytic element whteh comprises a support covered with a layer of 
the catalytic composition of the invention. 

The invention also concems a method for destroying organic compounds in aqueous or gaseous solution which 
consists of putting the solution containing the organic compounds to be destroyed in contact with the photocatalytic 
compound of the invention. 

In the context of the present inventksn a "photocatalytic composition" refers to a composition which has an oxidising 
so activity catalysed by solar radiation (wavelength between 300 and 800 nm). 

According to one embodiment, the photocatalytic compositksn is transparent to solar radiation, that is to say it 
transmits at least 50% of the emitted light with low refraction. 

According to the invention the inorganic photocatalyst is an inorganic oxide having a photocatalytic activity that 
is to say an oxkJe capable of destroying organic chemical compounds by oxidation reaction under the action of solar 
ss radiation. The photocatalyst of the invention is an inorganic oxidechosen from the metallk; oxides, alkaline-earth oxides, 
actinide oxides and rare earth oxides. 

The metallic oxides which can be used in the composition of the present invention are, for example, titanium 
dioxide, iron oxide, silver oxide, copper oxide, tungsten oxide, barium oxide, zinc oxide and magnesium oxide. 
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The alkaline-earth oxides are for example magnesium oxide or barium oxide. 

The rare eanh oxides which can be used are. for example, cerium oxide or neodymium oxide. The actinide oxides 
are« for example, uranium. 

These different oxides can be used alone or in a mixture. They can also be used with oxides not having photocat- 
s alytic activity but which are useful as a support, for example aluminium oxide, silicon oxide etc. 

The inorganic oxides can be prepared by any known method. For example, the metallic oxides can be prepared 
by hydrolysing a solution of alcoxides. carboxylates. halogeno-alcoxides. foltowed by a hydrothermal treatment which 
results in crystallised particles forming a stable colloklal sol. 

In the context of the present invention, the inorganic photocaialysl is in the form of particles dispersed in the 
10 aluminosilicate inorganic polymer binder of the imogolile type. The efficiency of the composition being directly linked 
with the transparency to solar radiation of the photocatalytic composition or of the photocatalytic element used, it is 
preferable to use particles of inorganic photocalalyst of a size below 200 nm. and preferably below 1 00 nm. This particle 
size affords good efficiency of the photocatalytic composition. 

When the method of the present invention is used to treat aqueous solutions containing organic pollutants, the 
rs photocatalytic composition comprises at least one inorganic photocatalyst which is not water soluble so as to avokl 
the solubilrsatkjn of this oxide in the solution to be treated and. consequently, the destruction of the photocatalyst 

In treating such aqueous solutions, the inorganic photocatalyst is. for example, titanium dioxkia. cerium oxide or 
an oxide of rare earths. According to a particular embodiment, the Inorganic photocalalyst is titanium oxide in the 
anatase form alone or in a mixture. 
20 The inorganic polymeric binder of the Imogolite type of the present invention is a fibrous hydrated aluminosilicate 

polymer which corresponds to the empirfcal formula Al^SiyO^, in which x:y is between 1.5 and 2.5 and z is between 2 
and 6. This aluminosilicate exists in nature; it was described for the first time by VJada in J. Soil Sci. 1 979. 30(2). 347-355. 

Imogolite can be synthesised using various methods. Examples of syntheses are described in US patent 4 252 
779, 4 241 035 and 4 152 404 in the name of Farmer. 
2S Imogolite can also be synthesised using the method described in patent application WO 95/04165, filed on 24 

October 1995 in the name of Kodak Pathe and Eastman Kodak, which enables innogolite to be synthesised for the 
most part in the form of fibres. The examples illustrating the present invention were prepared according to the method 
described in this patent application. 

This inorgank: polymer binder of the Imogolite type forms, with the inorganfe photocatalyst. a homogeneous dis- 
30 persion. without clusters larger than 200 nm being fonmed. the quality of the dispersion of the inorganic oxkJe in the 
binder being directly related to the efficiency of the photocatalytic compositkxi. 
This binder also enables the particles to be trapped durably in a gel. 

The aluminosilicate polymer binder of the Imogolite type is a totally inorganic binder which is therefore resistant 
to the actk>n of the inorganic photocatalyst. It does not deteriorate over time. 
3S The aluminosilicate polymer binder of the imogolite type of the present invention is therefore inert with respect to 

the inorganic photocatalyst. but also with respect to the organic compounds to be destroyed and the intermediate 
products which can be obtained in the course of destruction. It also has an affinity with the organte compounds to be 
destroyed so as to permit contact between these compounds to be destroyed and the active inorgank; photocalalyst. 
The photocatalytic composition of the inventkjn comprises at least 5% aluminosilfcate inorgank; polymer of the 
^o imogolile type. 

In the context of the present invention, the composition of the invention is prepared from an aluminosilicate gel of 
the Imogolite type, to which a colloidal solution of inorganic photocatalyst is added. 

A gel is thus obtained which can be used as it is, or after iyophilisation in the form of a monolith. The gel can be 
applied, before drying, to a flat support made of hollow material, particles or a membrane so as to form with these a 
^ uniform, transparent layer 

It is no longer necessary, in the context of the present invention, to subject the Support : Oxide system to a high- 
temperature heat treatment to obtain a crystallised oxide layer, which means that a wider variety of supports can be 
used. The support can be an organk: or glass polymer support, transparent or othenwise. 

The shape of the support will be chosen according to the end use to which the photocatalytic composition will be put. 
According to one embodiment, In order to treat an aqueous solution containing organic compounds to be destroyed, 
the photocatalytic composition in the form of a gel is mixed directly with this solution, and the mixture is then exposed 
to solar radiatbn. When all or practically all the organic compounds have been destroyed, the two phases are separated 
by any appropriate means, for example centrifugation, filtratron or decantation. 

According to another particular embodiment, it is possible to treat the aqueous solution containing the organic 
compounds to be destroyed by causing the solutton to be treated to flow over the support covered with a layer of the 
inventive photocatalytic composition. The simple flow of the solution in the presence of a source of natural or artificial 
light significantly degrades the organic compounds to be destroyed. 

For the treatment of aqueous solutions with a very high concentration of organic compounds, recycling the solution 
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until the desired concentration of organic compounds to be destroyed is obtained can be envisaged. 

According to another operating method, the photocatatytic composition, followtng freeze-drying. can be used in 
the form of a transparent monolith placed in the solution to be treated. 

When gaseous solutions are treated, the gaseous solution simply needs to be put in contact with an element of 
the present invention in an appropriate form. 

Aqueous or gaseous solutions containing the organic compounds to be destroyed, which can advantageously be 
treated within the scope of the present invention, are for example industrial effluents or wash water from reactors. It is 
possible, using this treatment method, to destroy aromatic, halogenated or hydroxylated organic compounds, carrying 
carboxylic functions, which are particularly stable and toxic for sewage plants. 

EXAMPLES 

Example 1. Synthesis of a Ti02 sol 

A transparent T1O2 sol was prepared (a sol is colloidal system whose dispersion medium is a liquid and the dis- 
persed phase a solid) from titanium alcoxide Ti(OiPr)4. In a first step, a solution of Ti(OiPr)4 in an aqueous solution 
(1 M) was dialysed through a Spectra Por<S> 1000 membrane. A gel of colloidal T1O2 was thus obtained. 

This gel was treated hydrothermaliy in an autoclave (180'C, 1 hour) in the presence of a peptising agent (1.74 g 
of TiOg in 24 mi of HgO with 54 ml of HgO and 10 ml of tartaric acid. 1 M). 

The X-ray diffraction spectrum having peaks characteristic of T1O2 in anatase crystalline form was obtained from 
the sol. 

Example 2. Synthesis of alumlnoslllcate gel of the Imogollte type 

To an inert reactor (polytetrafluoroethylene) containing a solution of AIcla.SHgO (31.2 mmol.) (nr^nufactured by 
Aldrich. purity 99%) and 1000 ml of demineralised water, a solution of Si(OEt)4 (16.7 mmol.) (manufactured by Ventron. 
purity 99%) in 1 000 ml of demineralised water was added. The mixture was stirred vigorously. 

After 20 mins, a solution of NaOH 1M was added gently whilst being stirred, until a pH of 4.5 was obtained. An 
opaque solution was thus obtained. 

This solution was left for a whole night while being stirred. The pH was then adjusted to 6.8 by adding NaOH 1M. 

A white gel was obtained, which was centrif uged at 2000 rpm for 20 mins. The gel was then solubilised by adding 
5 ml of a mixture (50/50) of hydrochloric acid (1 M) and acetic acid (2M). 

To this solution was added demineralised water so that 1 litre of solution was obtained. 

This solution contained 30 mmol of aluminium. 16.6 mmol of silicon. 5 mmol of hydrochloric acid and 10 mmol of 
acetic acid. 

250 ml of this solution were drawn off and diluted in 550 ml of demineralised water. This mixture was heated for 
2 hours at a temperature between 95 and 100°C. in the presence of silanol. 

Every two days. 250 ml of solution (1 ) were added to the reactor. After 1 20 hrs of heat treatment, the solution was 
cooled. A solution of ammonia (1M) was then added, to obtain a pH of 8.0. The gel thus obtained was centrif uged for 
15 mins at 2000 rpm, and the supernatant solution was eliminated. 

The gel obtained was solubilised by adding a few drops of hydrochloric acid. 1 2 N. The solubilised gel was dialysed 
for several days. A thixotropic get of Imogolite was thus obtained. 

Example 3. Preparation of the photoeatalytic composition 

To 4 cm3 (16 mg of TOj) of the colloidal solution of TtOa prepared according to the method in Example 1, 16 ml 
of imogolite gel from Example 2 were added. 

A photoeatalytic composition in the form of a gel was thus obtained. 

3.1 invention 

To 20 cm^ of the photoeatalytic composition previously obtained in the form of a gel were added 30 ml of an aqueous 
solution containing 2,4-dichiorophenol (3.86 mM) as a pollutant. This mixture was exposed to solar radiation for 12 
hours. 

Destruction of the pollutant of around 12% was obsen^ed. 



IS 



EP 0 812 619 A1 

3.2 Invention 

To 20 cm3 of the catalytic composition previously obtained in the form of a gel were added 30 ml of an aqueous 
solution containing 2,4-dichlorophenol (3.86 mM) as a pollutant. This mixture was exposed to the radiation of a halogen 
lamp (500 W) which reproduces visible radiation, for 12 hours. 
Destruction of the pollutant of around 26% was observed. 

3.3 Comparison 

To 20 cm3 of the photocatalytic composition previously obtained in the form of a gel were added 30 ml of an aqueous 
solution containing 2.4-dichlorophenol (3.86 mM) as a pollutant. This mixture was placed in the dark for 12 hours. 
Under these conditions, no destruction of the pollutant was observed. 

3.4 Control 

To 30 ml of an aqueous solution containing 2,4-dichlorophenol (3.6 mM) as a pollutant were added 20 cm^ of water 
as a replacement for the catalytic composition. 

Under these conditions, no destruction of the pollutant was observed. 

20 Example 5 

In this example, the titanium dioxide was synthesised according to the operating method in Example 1. but with 
opaque sol. This sol was then mixed with the imogolite of Example 2. An opaque catalytic composition was thus ob- 
tained. 

2S This composition was used as described in Example 3.2. 

Destruction of the pollutant of around 11% was observed. 

This example shows the efficacy of the photocatalytic composition of the present invention, even when this com- 
position is not totally transparent to solar radiation. 

30 Example 6: Synthesis of an amorphous CeOj sol and use of this oxide In the photocatalytic composition 

To 12.1 g of metallic cerium were added 150 ml of anhydrous toluene and 150 ml (1 .8 mol) of 2-methoxy ethanol. 
This mixture was heated to 80'C. 15 mg of mercurous chloride (catalyst) were then added thereto. 

It was heated to 110*C until the metal disappears (around 12 hrs). 
35 Alter cooling, the alcoxide previously obtained was hydrolysed slowly by adding water (pH = 7). Following elimi- 

nation of the solvents by evaporation, a suspension of cerium oxide in water was obtained. 50 ml of tartaric acid were 
added to this suspension and a hydrothermal treatment was performed at 200*C for 10 hours in an autoclave. 

A suspension was obtained containing 4.79 mg of cerium per cm^. 

To 4 cm3 of this suspension were added 16 ml of a gel of Innogolite prepared according to the method in Example 
<o 2 to form the photocatalytic composition. 

To this catalytic composition were added 30 ml of an aqueous solution containing 2.4-dichlorophenol (3.86 mM) 
as a pollutant. This mixture was exposed for 12 hours to radiation from a halogen lamp (500 W) which reproduces 
visible radiation. 

Destruction of the pollutant of around 39% was obsen^ed. 

45 

Example 7: Photocatalytic composition containing a TlOj-CeO, mixture 

A photocatalytic composition was prepared by mixing 2 cm^ of the CeOg suspension previously prepared, 2 cm^ 
of the colloidal solution of T1O2 from Example 1 and 16 ml of an Imogolite gel prepared according to the method of 
50 Example 2. 

To this catalytic composition were added 30 ml of an aqueous solution containing 2,4-dichlorophenol (3.86 mM) 
as a pollutant. This mixture was exposed for 12 hours to radiation from a halogen lamp (500 W) which reproduces 
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Visible radiation 

Destruction of the pollutant of around 43% is obsen/ed. 



Example 8: Other pollutants 

The photocatalytic composition of Example 6 was used to treat aqueous solutions containing the organic com- 
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pounds cited in the following table. The results obtained are shown in the following table. 

TABLE 1 



Organic compounds to be destroyed 


% of organic compounds destroyed 


2-chloro-5-nrtroben20ic acid (30 ml. 0.336 mM) 


48% 


3-4-dichlorophenol (30 ml. 0.396 mM) 


46% 



10 Claims 

1. Photocatalytic composition comprising at least one inorganic photocatalyst dispersed in an alumtnosiltcate inor- 
ganic polymer binder of the Imogolite type. 

IS 2. Composition according to Claim 1 . in which the inorganic photocatalyst is in the form of particles smaller than 200 
nm. 

3. Composition according to Claim 1, in which the aluminosilicate corresponds to the formula AlxSiyOz. the ratio x: 
y is between 1 .5 and 2.5. and z is between 2 and 6. 



4. Composition according to Claim 3. in which the aluminosilicate is lor the most part in the form of fibres. 

5. Composition according to Claim 1 , in which the inorganic photocatalyst is chosen from amongst a metallic oxide, 
an alkaline-earth oxide, a rare earth 



6. Composition according to Claim 1 . in which at least one of the inorganic photocatalysts is titanium dioxide anatase. 

7. Composition according to Claim 1 . in which at least one of the inorganic photocatalysts is cerium oxide. 

30 8. Composition according to Claim 1 , in which at least one of the inorganic photocatalysts is amorphous cerium oxide. 

9. Composition according to Claim 1 . in which the quantity of aluminosilicate inorganic polymer binder of the Imogolite 
type is at least 5% of the total weight of the composition. 

3S 1 0. Photocatalytic element comprising a support covered with a layer consisting of the catalytic composition as defined 
according to any one of Claims 1 to 9. 

11. Photocatatytic element according to Claim 10. in which the support is an organic or glass polymer support. 

40 12. Method of destroying organic compounds in an aqueous or gaseous solution, consisting of putting the solution in 
contact with a photocatalytic composition as defined according to any one of Claims 1 to 9, and exposing the whole 
to solar radiation. 
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13. Method according to Claim 12. in which an aqueous solution containing the organic compounds to be destroyed 
is treated by causing it to flow over the photocatalytic element as defined according to either one of Claims 1 0 or 1 1 . 
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